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PREFACE

This mandger's guide as produced under Naval Air Development Center

I Contract N. N- between 27 September 1979 and 26 September

1980. The guide is for u e primarily during the design phase uf system

3 acquisition. It is for Navy and contractor project and Human Factors

Engineering managers. The subject of the guide is the design sections Ur

i MIL-H-46855, Human Engineering Requirements for Military Systems,

Equipment and Facilities. Two other manager's guides cover the analysis

sections of MIL-H-4b855 and the test and evaluation sections of

MI L-H-46855.

The following persons provided guidance and contributions:

1. Cdr. Patrick M. Curran, Naval Air Development Center

2. Cdr. Norman E. Lane, Naval Air Development Center

I Within the Boeing Company, the program was directed by W. J.

Hebenstreit of Engineering Technology's Crew Systems Organization, Boeing

* Aerospace Company. Much of the information in the guide is derived from

the previous work of C. W. Geer. The HFE expertise of Crew Systems

personnel contributed to the contents of this document, especially F. E.

Crowell, J. M. Booth, 0. E. Reese, and G. A. Holcomb. R. E. Edwards of

Boeing Computer Systems also contributed.
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1 .0 w. ,d U' r t " ;

.s do,-u~e ,v is oiu of a series of documents fur managers and Human

vr ,rc F jinerinq ([rE) specialists about MIL-H-4b855 (Reference 1).

li o-16 n ctains horan er:gineering requirements for analysis, design,

,-..I C_2, n(; ,..*'tion dur~ng system acquisition.

dit to this quide for managers to the design sections of

M -r, e .oiices for managers to:

) Lh. ' i s, ctions of MIL-H-46855 (Reference 2)

m. evaIuation sections of MIL-H-46855 (Reference 3).

,. ror the HFE specialist to:

S, -, v - ections uf MIL-H-4b855 (Reference 4)

: . ., . . tion of MIL-H-46855 (reference 5)

,i tr. , ,;,aiuation sections of '41L-H-46855 (Reference 6).

1.1 Pu-p,,, o- th e Guide

MiL-H-46855 states the human engineering design requirements aut does

not specify how or when to implement them. This guide provides a single

source of information for both Navy and contractor managers on

implementation techniques and when they are used.

1. MIL-H-46855A, Human Engineering Requirements for Military Systems,
Equipment and Facilities, 4 May. 1972.

2. Geer, C. W., Navy Manager's Guide for the Analysis Sections of
MIL-H-46855, D180-19476-2, Boeing Aerospace Company

- BAC), Naval Air Development Center (NADC), Warminster,
Pa., 30 June 1976.

- 3. Geer, C. W., Navy Manager's Guide for the Test and Evaluation Sections
of MIL-H-46855, D194-10006-2, BAC, NADC, 30 June 1977.

4. Geer, C. W., Analyst's Guide for the Analysis Sections of MIL-H-46855,
D1880-19476-1, BAC, NADC, 30 June 1976.

5. English, M., User's Guide for the Design Sections of
MIL-H-46855, NADC-79220-60, BAG, NADC, 26 September 1980.

6. Geer, C. W., User's Guide for the Test and Evaluation Sections of
MIL-H-46855, D194-10006-I, BAC, NADC, 30 June 1977.
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1.2 Scope of the Guide

As background, the quide briefly describes the HFE design process ano

the military standards and specifications which require that this process j
be performed during system acquisition. Standard design techniques which

have proved useful to HFE specialists for a number of years are briefly 4
described as well as newer techniques using computers.

This guide will be of use to Navy managers in preparing Requests fur

Proposal, System Specifications, ano contractors' Statements of 1.jurk; in J
selecting Data Item Descriptions for inclusion in the Contract Data

Requirements List; and in monitoring the HFE design phase of programs. It J
will be of use to contractor managers in preparing proposals and in

managing the HFE design portion of contract performance. I
The guide complementary to this one for HFE specialists (Reference 5)

contains considerably more detail about HFE design techniques than this J
manager's guide.

2.0 Documented Requirements for HFE Design j
General requirements for Navy system acquisition, including the design

phase of system acquisition, are in Department of Defense (DoD) directives I
and in Secretary of the Navy (SECNAV) and Chief of Navy Material (NAVMAT)

instructions. General HFE design requirements are in NAVMAT instruc-

tions. Specific HFE design requirements and criteria are in military

specifications and standards. Specific HFE design products which a system

contractor must deliver to the Navy are in Data item Descriptions. HFE I
design principles and design data are in HFE guides, handbooks and general

literature. HFE design techniques are in this guiae. I

5. English, M., User's Guide for the Design Sections of
MIL-H-46355, NADC-79220-60, Boeing Aerospace Company,

Naval Air Development Center, Warminster, Pa., 2b .
September 1980.
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2.1 DoD and Navy Design Directives and Instructions

In 1971, the Deputy Secretary of Defense established the policy for

major defense systems acquisition by the military services in DuD

Directive 5000.2 (Reference 7). The Secretary of the Navy implementeu

this policy in SECNAVINST 5000.1 (Reference 8). Tne Chief of Navy

Material established the general requirement for performing HFE desiqn

during systems acquisition in NAVOATINST 3900.9 (Reference 9). This

instruction states that the human element of a Navy system shall undergo

the same development, test, and evaluation steps as equipment elements of

the same system.

2.2 Military Specifications and Standards

In 1966, specific requirements for HFE design auring systems

acquisition were established in military specification MIL-H-46855

(Reference 1). Also in 1966, specific HFE design criteria were

established in military standard MIL-STD-1472 (Reference 10). Both of

these documents have been updated since SECNAVINST 5000.1 (Reference 8)

was published. These two documents are usually cited in a contract

between the Navyand industry as containing the contractual HFE design

requirements and criteria.

There are other military standards which contain specialized HFE

design criteria and which may be cited in the contract.

Examples of these standards are: MIL-L-25467 (Instrument Lighting),

1. MIL-H-46855A, Human Engineering Requirements for Military Systems,

Equipment and Facilities, 4 May 1972.
7. DoD Directive 5000.2, "Major System Acquisition Process", Washington,

D. C., 1971.

8. SECNAVINST 5000.1, "System Acquisition in the Department of the Navy",
1972.

9. NAVMATINST 3900.9, "Human Factors", Department of the Navy,Headquarters
Naval Material Command, Washington, D. C.,
September 1970.

3
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MIL-STD-411 (Air Crew Station Signals), and MIL-STP-1333 (Air Crew Station

Geometry). There are also other military specifications which affect HFE

design and which may he cited in the contrect. An example of one of these

specifications is MIL-M-8650 (General Specification for Aircraft Mockups).

The contents of MIL-H-46855 (Reference 1) and MIL-STD-1472 (Reference

10), which are usually tne Navy's and the contractor's primarv sources of

HFE design requirements and criteria, are described below.

MIL-H-46855

MIL-H-46855 has separate sectiions containing requirements for HFE

analysis, design, and test and evaluation. The relationships of the

sections is illustrated inFigure 2.0-1. The contents of the uesign

requirements sections (3.2.2 arid its suoparagrapns) are described below.

A copy of the complete text ui' Section 3.3.3 is in Appendix B.

Section 3.2.2 "Human Engineering in Equipment Detail Design" is

divided into four subsections: studies, experiments and laboratory tests;

equipment detail design drawings; work environment, crew stations and

facilities design; and performance and design specifications.

Paragraph 3.2.2.1 (studies, experiments and laboratory tests) states

that numan engineering and life support problem areas must be identified,

called to the attention of the procuring activity, and resolved in a

timely manner, by studies, experiments and laboratory tests if necessary,

so that the results can be incorporated into equipment design.

Paragraph 3.2.2.2 (equipment detail design drawings) states that

equipment drawings must be evaluated to assure tnat human engineering II
1. MIL-H-46855A, Human Enqineering Requirements for Military Systems,

Equipment and Facilities, 4 May 1972.
10. MIL-STD-i472B, Human Engineering Design Criteria for Military Systems,

Equipment and Facilities, 31 December 1974.

41
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principles and criteria have been applied to the design of the equipment

represented by the drawfings and that they comply with MIL-STD-147 .

Paragraph 3.2.2.3 (work environment, crewstations and facilities

design) states that human engineerinq principles and criteria must be

applied to detail design of work environments, crew stations, and

facilities to be used by the human in the system and that the design of

these items must comply with MIL-STD-1472. The effect on human

performance under normal, unusual and emergency conditions must be

considered.

Paragraph 3.2.2.4 (performance and design specifications) states tnat

performance and design specifications for the system must comply with

MIL-STD 1472 and other human engineering criteria specified oy the

contract.

1IL-S TD-1472

As noted in the aescription of MIL-H-46855 above, MIL-STD-1472 is

frequently ciited as the primary source of HFE design criteria. Figure

2.0-p illistrates a oage of text from MIL-STD-1472 and Figure 2.0-3

illustrates a supporting figure referred to in the page of text. This

standard contains specific descriptions of the characteristics wiich

systems, equipment and facilities snould have. The purpose of this

standard is to specify in terms which are verifiable how equipment and

facilities should be desiQned so as to insure that required operator

performance is achieved and that personnel safety is not jeopardized.

This standard is so important to HFE design that a checklist based on its

contents is a basic HFE design technique (described in Section 7 of this

guide).

2.3 Data Item Descriptions

A Navy contract always contains a list specifying exactly what

products the contractor must deliver. This list is called the Contract

Data Requirements List (CDRL, DO Form 1423). Stanoardized descriptions of

the many products which might be contracted for have been developed.

These standardized descriptions dre called Data Item Descriptions (OIDs,

DO Form 1664). For a specific contract, the appropriate DIDs are selected

and included in the CDRL by the Navy.

C-i



I

MIL-STD-1472B
31 December 1974

5.2.1.3 Location and Arrangement -

5.2.1.3.1 Accuracy - Displays shall be located and designed so that
they may be read to the degree of accuracy required by personnel in the
normal operating or servicing positions.

5.2.1.3.2 Access - Ladders, supplementary lighting, or other special
equipment should not be required in order to gain access to or to read
a display.

5.2.1.3.3 Orientation - Display faces shall be perpendicular to the
operator's normal line of sight whenever feasible and shall not be less
than 450 from the normal line of sight (see Figu're 1). Parallax shall
be minimized.

5.2.1.3.4 Reflection - Displays shall be constructed, arranged, and
mounted to prevent reduction of information transfer due to the reflec-
tion of the ambient illumination from the display cover. Reflection of
instruments and consoles in windshields and other enclosures shall be
avoided. If necessary, techniques (such as shields and filters) shall
be employed to insure that system performance will not be degraded.

5.2.1.3.5 Vibration
5.2.1.2.5 Vibration - Vibration of visual displays shall not degrade
user performance beeTow the level required for mission accomplishment

(see para 5.8.4.2).

5.2.1.3.6 Grouping - All displays necessary to support an operator
activity or sequence of activities, shall be grouped together.

5.2.1.3.7 Function and Sequence - Displays shall be arranged in rela-
tion to one another according to their sequence of use or the functional
relations of the components they represent. They shall be arranged in
sequence within functional groups whenever possible to provide a viewing
flow from left to right or top to bottom.

5.2.1.3.8 Frequency of Use - Displays used most frequently should be
grouped together and placed in the optimum visual zone (see Figure 2).

5.2.1.3.9 Importance - Very important or critical displays shall be
placed in a privileged position in the optimum projected visual zone
or otherwise highlighted.

5.2.1.3.10 Consistency - The arrangement of displays shall be consistent
in principle from application to application, within the limits specified
herein.

FIGURE 2.0-2 - PAGE OF TEXT FROM MIL-STD-1472

7
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MIL-STD-1472B
31 December 1974

Figure 2. VERTICAL AND HORIZONTAL VISUAL FIELD
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On 1 June 1979, the following updated series of human engineering

DIDS were published with ARMY/MIRADCOM as the office of prirlidry

responsibility:

DoD DI-H-7051, "Human Engineering Program Plan"
DoD DI-H-7052, "Human Engineering Dynamic Simulation Plan"
DoD DI-H-7053, "Human Engineering Test Plan"
DoD DI-H-70b4, "Human Engineering System Analysis Report"
DoD D1-H-7055, "Critical Task Analysis Report"
DoD DI-H-7056, "Human Engineering Design Approach Document-Operator"
DoD DI-H-7057, "Human Engineering Design Approach Document-Maintainer"
DoD DI-H-7058, "Human Engineering Test Report"
DoD DI-H-7059, "Human Engineering Progress Reports"

These DIDs specify in aetail the human engineering activities wnich

must be performed by a contractor during systems acquisition and the human

engineering products which the contractor must deliver to the Navy. Three

of these HE DIDs apply directly to the HFE design process and all of tile

others apply indirectly.

The text of the three DIDs which apply directly to the design process

is in Appendix C and the contents are described below.

DI-H-7052

DI-H-7052, the HE Dynamic Simulation Plan DID, describes in detail how

the contractor's dynamic simulation plan should be prepared, if dynamic

simulation is going to take place.

DI-H-7056 and DI-H-7057

DI-H-7056 and DI-H-7057, the HE design approach documents for the

operator and the maintainer of the system being acquired, explain what the

two design approach documents should contain. The operator design

approach document must describe the layout, detail design and arrangement

of crew station equipment havina an operator interface and the operator

tasks associated with the equipment. The document must also describe the

extent to which the human performance requirements, MIL-STD-1472 aesign

criteria, and the requirements of other applicaole HE documents specified

!9
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in the contract have oeen incorporated in tne crew station equipment. J
Results of operator task analysis must be presented as part of the

rationale supporting the layout, design, and integration of crew station

equipment.

The operator design approach document must contain the following crew

station and operator-related information: a list of each item of

equipment having an operator interface, a list of specifications and

drawings approved by human engineering, and a description of the crew

station emphasizing human enqineering design features. Design features to

be described are: each crew station and each item of crew station

equipment; each control/display panel; operator vision to crew station

items of equipment and operator external vision; environmental factors;

normal and emergency ingress and egress; crew station lighting

characteristics and lighting control system; crew station warning, caution

4nd advisory signals; seating, restraint systems and other postural

controls; communications systems andJ'orimunications systems control; any

special design, layout, or arrangement features required oy mission or

system environment; and multiple operator stations design, if applicable.

Other 4nformation required includes geometric layout of the crew stations;

rationale for human engineering design, layout and arrangement of eac;;

item of crewstation having an operator interface; and ndrrative wnicn

provides rationale for any need to deviate from MIL-STD-1472. Similar

information requirements are made for the maintainer design approach

document.j

All of the other DIDs indirectly affect the HFE design effort. These

DIDs are briefly described below.

DI-7051 and DI-H-7052

DI-H-7051 and 0I-H-7059, the HE program plan and progress report DIDs,

aescribe how to prepare the program plan and progress reports which, among

other things, describe in detail how all HE aesign requirements are being

10
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fulfilled. HFE personnel may prepare tne HE design portion of the pldfl

and reports; if not, these documents will be a source of information.

DI-H-7053 and DI-H-7058

DI-H-7053 and DI-H-7058, the HE test plan and test report DIDs,

describe how to prepare the documentation associated with contractor

tests. It is part of the test evaluation function rather than the design

function to perform these tests and document them, but the test results

are used by the Navy to assure that the human-equipment interface which is

designed during the design phase conforms to the contractual requirements.

DI-H-7054 and DI-H-7055 -

DI-H-7054 and DI-H-7055, the HE system analysis and critical tasK

analysis report DIDs, describe the system analysis and critical task

analysis that must be done. These reports are sources of input oata from

the analysis phase to the design phase.

2.4 Guides, Handbooks, and General Literature

There are a number of guides and handbooks and a quantity of general

literature wnich contain information about HFE design. HFE design guides

and handbooks were a source of information for MIL-STD-1472, and searches

of the general literature are a standard human engineering design

technique. Some of these publications are referenced in the guides for

analysis and test and evaluatiion (References 4 and 5).

3.0 Practical Requirements for HFE Design

The practical requirements for HFE design underly the documented

requirements and are what caused the documented requirements to come into

being. These practical requirements include the need for operators and

maintainers to be able to consistently perform with a certain level of

accuracy and speed in order to have systems achieve their desired

capabilities, the need to protect the operators and maintainers from

II
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injury or deatn, the need for special equipment to keep operators and

maintainers dive in systems operating in environments hostile to human

life, and the need to minimize requirements for large numbers of highly

skilled and trained personnel. Each of the practical requirements is

briefly discussed below.

3.1 Human Performance

All systems require a certain level of numan performance in order to

function as specified. In order to meet system performance requirements

such as speed, maneuverability, range or turnaround time, the operators

and maintainers of the system must meet certain minimum requirements for

performing their assigned tasks. Human performance requirements for a

system are usually expressed in terms of time to perform a task, accuracy

of performance, and consistency (reliability) with which the speed and

accuracy can be maintained. Some of the documented HFE design criteria

exist to assure the achievement of necessary operator and maintainer task

times and error rates.

3.2 Safety

In order to achieve the required level of system performance and for

humane reasons, operator and maintainer personnel must be protected from

injury and death. Some of the documented HFE design criteria exist to

assure the safety of system personnel.

3.3 Life Support Criteria j
In hign performance systems and systems requiring closed loop

environmental control, life support requirements are particularly

4. Geer, C. W., Analyst's Guide for the Analysis Sections of MIL-H-46855, I
01880-19476-1, Boeing Aerospace Company (BAC), Naval Air
Development Center (NADC), Warminster, Pa., 30 june i976.

5. Geer, C. W., User's Guide for the Test and Evaluation Sections of
MIL-H-46855, D194-10006-1, BAC, NADC, 30 June 1977.

12



critical. Some of the documented HFE uesign criteria exist to assure the

adequacy of life support features of systems.

3.4 Training/Personnel Skills/Personnel Quantities

The number of personnel required to operate and maintain a system and

the level of skill and amount of training these personnel must have

qreatly impact the cost of a system and the lead time required to get the

system into operation. Some of the documented HFE design criteria exist

to avoid the need for extra personnel, skills and training in order to

operate or maintain poorly designed equipment.

4.0 Basic Considerations in HFE Design

There are several basic considerations which must ue taken into

account in planning and accomplishing an HFE design effort. These

considerations are the type of data required to begin an HFE design

effort, the timing of the HFE design effort, and products which will be

produced by the HFE design effort.

4.1 Data Inputs to the Design Process

The data inputs to the design process consist of the outputs of

the analysis phase plus data that is generated during the design phase.

The manager's guide for analysis (Reference 2) describes a number of

analysis techniques. Ideally, enough analysis will have been done durinq

the analysis to provide the required design input data. If not, some

analysis will have to be performed at the beginning of the design pnase.

2. Geer, C. W., Navy Manager's Guide for the Analysis Sections of
MIL-H-46855, D180-194/6-l, Boeing Aerospace Company,
Naval Air Development Center, Warminster, Pa., 30 oune
1976.

913
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A sampling of the analysis activities which precede design activities are

descrioed above.

1) Mission analysis is performed and mission profiles are proouced

which give the HFE specialist a good idea of the operational situation or

events that will be confronting operators and maintenance personnel.

2) Mission scenarios which fully descrie the events implied by the

missiol profiles are written in narrative form describing the propused

mission in detail and identifyiiig key events and implied requirements.

All essential system functions such as failure modes or emergency

procedures are included. The mission scenarios are sufficiently detailed

to give the HFE specialist an understanding of the mission.

3) Functional flows are developed for detailed system requirements

down to the level of specific operator tasks. Significant operator

performance requirements and the details of critical operator tasks are

been determined. Early estimates are made of likely crew interface

requirements, capability, special provisions, needed, potential proolems

and probable solutions.

4) Preliminary workload data is estimated and information provided for

manning and training estimates.

5) Decision/action diagrams are prepared showing the flow of required

system data in terms of operations and decisions. These diagrams record

the sequence of operations and decisions which must be performed.

6) Action/information requirements analysis defines the specific

actions necessary to perform a function and the specific information Lhat

must be provided to perform the action. The HFE specialist performing the

analysis pairs action requirements with possible control hardware and

information requirements with possible display hardware.

7) Function allocation trades are made to provioe the baseline for

crew task definition, control and display operations requirements, crew

station configuration concepts, workload evaluation and crew station

design and evaluation. The allocation of functions, actions, and

14
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decisions is based on the known capabilites and limitations of operators,

the state of the art of hardware and software, and estimated performance

to be required in terms of speed, accuracy and load.

8) Timelines are prepared to examine time and errors. Time-critical

sequences are analyzed to verify that all necessary events can be

performed. The occurrence of incompatible tasks is assessed and workload

is evaluated from the timelines.

9) Flow process charts are prepared showinq the flow of operator

activities and information exchange in time sequence. These flow process

charts are used to develop and evaluate concepts for each operator

station.

10) Operational sequence diagrams are prepared providing a graphic

presentation of operator tasks as they relate sequentially to both

equipment and other operators. Symbols are used to indicate actions,

inspections, data transmitted or received, data storage, and decisions to

show the flow of information through a system.

4.2 Timing of the Design Effort

In order to have maximum impact on design, the HFE design effort must

occur at the proper time in the overall design effort. The timing of the

HFE design effort as it relates to other HFE activities and to overall

program phases is illustrated in Figure 4.0-1. The timing of some of the

details of the HFE design effort is discussed below.

Ordinarily, 30 days after contract award a Technical Interchange

meeting between Navy and contractor HFE specialists occurs. At this

meeting, arrangements can be made for weekly telephone contact or other

means of keeping in close touch. Scheduled contact include Preliminary

Design Reviews, Critical Design Reviews, and Lighting Mockup Reviews.

At the beginning of the design phase, the contractor HFE manager

should schedule the contractor HFE specialists to immediately prepare HFE

design criteria in a format appropriate for early transmittal to systems

15
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designers. The contractor HFE manager should assure that contractor HFE

specialists maintain close contact with designers, as it is always easier

to get input accepted while the designer is sketching with pencil at tne

drafting board than after a design concept is finalized in drawing form.

Contractor HFE specialists will also prepare their own conceptual design

sketches of control and display consoles and other critical human-

equipment interfaces a, early as possible in order to have maximum impact

on system design. HIFE specialists should perform all the design

techniques discLussed in Sections 7 and 8 as early in the design process ds

the data can be obtained or generated.

4.3 Products of the HFE Design Effort

The products of tne HFE design effort are designs of human-machine

interfaces, evaluation of these designs, and documentation that HFE design

criteria have or have not been met. The HFE manager shoula assure that

records of designs, design recommendations, and design evaluations ano

their rationale are kept on file. Figure 4.0-2 illustrates the many

potential users of the products of the HFE design effort.

5.0 The HFE Design Process

The purpose of the design phase of a program is to convert the

concepts arrived at in the analysis phase into a system design represented

by engineering drawings and to build the first hardware. The purpose of

performing HFE during the design phase is to produce a system design which

correctly utilizes human capabilities and does not exceed human

limitations. This goal is accomplished by incorporating HFE design

criteria into all parts of the system which have human-machine interfaces.

HFE design criteria describe the characteristics which human-machine

interfaces should have and are based on HFE Knowledge of human

capabilities and limitations derived from laboratory research and years of

17
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I field experience. Incorporation of HFE design criteria into system design

will assure that tne system can be efficiently operated by its human

operators and that the design of the system does not lead these operators

to commit errors. Human-machine interface design includes hdrdware,

software, procedures, work environment, ano facilities.

5.1 Role of the HFE Specialist

The project and HFE manager should be aware of the various roles

performed by the HFE specialist. During system design, the HFE specialist

may perform one or more of the following roles: contract monitor,

equipment designer, consultant to equipment designers, or evaluator of

equipment designs. Which of these roles is perfurmed depends partly on

whether the specialist is representing the Navy or the contractor and

partly on the type of program and the structure of the specialist's

orqanization. The roles usually performed by Navy and contractor HFE

specialists are indicated below:

HFE Specialist
Contractor Navy

1) contract monitor X

2) equipment designer X

3) consultant to equipment

designers X

4) evaluator of equipment

designs X X

Contract Monitor

When performing as contract monitor, the Navy HFE specialist monitors

all of the activities and products of the contractor HFE specialist

through Technical Interchanqe Meetings, Preliminary Design Reviews,

Lighting Mockup Reviews, Critical Design Reviews, weekly telephone calls,

review of documentation prepared, and other means. The contract monitor
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also monitors any operator-machine interfaces produced by a contractor

which have not had contractor HFE input. On occasion, the contractor HFE

specialist may be contract monitor of subcontractor HFE efforts.

Designer

When performing as designer, the HFE specialist (usually the

contractor HFE specialist) lays out controls arid displays and other

critical human-machine interfaces in sketch format. Sometimes the

sketches are converted into finished drawings in the HFE group but more

often they are handed to the design engineers very early in the design

phase in order to get the concepts incorporated into the design engineers'

final designs.

Design Consultant

When performing as design consultant, the HFE specialist (usually the

contractor HFE specialist) provides HFE design criteria and other guidance

to design engineers. The design criteria may be prepared in the form of

an annotated MIL-STD-1472 checklist as described in Section 7, a list of

available parts which meet MIL-STD-1472 requirements, a design layout

sketch as described in the preceding paragraph, listing and clarification

of the requirements of other military standards and specifications,

guidelines representing HFE principles not incorporated in military

standards and specifications, and verbal information provided

spontaneously or in response to questions from designers. In the

consultant role, it is important for the HFE specialist to have constant

interaction with system designers and to establish a good working

relationship so that HFE input will be incorporated.

Design Evaluator

Design evaluator is one of the HFE specialist's most frequently

performed roles. The designs produced oy the contractor's design

engineers are evaluated first by the contractor HFE specialist and later

20
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by the Navy HFE specialist. As design evaluator, the HFE specialist uses

the MIL-STD-1472 checklist, simulated task performance in mockups, and

other techniques described in Sections 7 and 8. The contracLor specialist

documents compliance with MIL-STD-1472 design criteria and any other HFE

contractual design criteria and prepares requests for deviation where

appropriate. The Navy specialist reviews the contractor's oocumentation,

personally applies the MIL-STD-1472 checklist and other HFE criteria to

selected hardware, and approves or disapproves the requests for deviation.

5.2 General Purposes of Design Techniques

In performing the roles described in the preceding section, the HFE

specialist must specify the contents of HFE design criteria, incorporate

these design criteria into designs, determine whether the designs meet the

design criteria, and document that that the design criteria have been met.

The specialist uses various techniques to accomplish these

activities. To specify the contents of HFE design criteria, the

specialist uses contractural documents and military specifications and

standards. To incorporate design criteria into designs and to determine

whether design criteria have been met, the specialist uses design

criteria checklists, measurment equipment, and the other techniques

mentioned in paragraph 5.3 below. fo document that design criteria nave

been met, the specialist using drawing signoffs, design reviews, and

deviation requests. Many of these techniques are oescribed briefly in

Sections 7 and 8.

5.3 General Types of Design Techniques

To accomplish the purposes referred to in the preceding section, the

HFE specialist uses techniques to represent the hardware/software,

techniques to represent the operator, techniques to represent the operator

interacting with the hardware/software, and techniques to solve problems.

Techniques representing the hardware/softare are sketches, drawings,

schematics, mockups, and scale models. In addition, first production

21
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hardware, which is the actual nardware rather than d representation of it,

is evaluated. A technique representing the operator is anthropometric

manikins. Techniques representing the operator interacting with the

hardware/software are visibility diagrams, reach envelopes, walkthroughs,

simulators, and computer models. Techniques for solving problems are

tradeoffs, literature surveys, expert consultation, studies and

experiments, and expert judgment. Some of these techniques are described

in Section 7.

6.0 Selection of Design Techniques

The choice of a design technique for performing an HFE design activity

depends on the activity, on the characteristics of the technique, and on

the personnel, time, and equipment available to use the technique. To aid

in selecting design techniques, information is provided in the user's

guide (Reference 5) about the characteristics of each technique and aoout

the relative resource requirements,

The information about the characteristics of each technique contained

in the user's guide includes a summary description of the technique, a

statement of when in the program the technique is used, a oescription of

tne product produced by the technique and the purpose of the product, a

description of what the HFE specialist must do to use the technique, a

list of the technique's advantages and disadvantages, and, for the

techniques using computers, an application example if available and the

contact for source documents.

Because of the number of variables in a proqram, it is uifficult to

provide any actual resource figures for the various techniques. However,

to Qive some idea of resource requirements, the techniques have neen

5. English, M., User's Guide for the Design Sections of MIL-H-46855,
NADC-79220-60, Boeing Aerospace Company, Naval Air Development
Center, Warminster, Pa., 26 September 1980.
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compared to each other on the basis of whether tne time to perform is

short, medium, or long and whether the complexity, cost, and cost

effectiveness is low, medium, or high. This comparison appears in Table

6.0-1.

7.0 Standard Design Techniques

The techniques described in this section have been used by HFE

specialists for a number of years. Tnese techniques have been found to

have a great deal of utility, and in fact, human engineering design could

not be accomplisned without some of them.

7.1 Design Techniques For Design Criteria Specification, Incorporation,

Evaluation, or Documentation

The design techniques described in this section are used to specify

HFE design criteria, to incorporate HFE design criteria into designs, to

evaluate whether HFE design criteria have ueen incorporated into designs,

and to document compliance with HFE design criteria.

7.1.1 Contractual Documents

The System Specifications and the Statement of Work (SOW) are

contractual documents. It is important to have human engineering design

requirements and criteria written into these documents to give visibility

and authority to HFE during system design. Navy HFE personnel are

primarily responsible for accomplishing tiis objective. The process is

described below.

7.1.1.1 System Specifications. The system specifications document is the

basic source of design requirements for the system being acquired.

Summary Description: The system specification aocument contains

individual specifications for each major hardware item making up the

system. Each specification states the criteria which the item it refers

23
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COMPARISON OF DESIGN TECHNIQUES

DESIGN TECHNIQUES

STANDARD TECHNIQUES (SECTION 7)

DESIGN CRITERIA CHECKLISTS X x X X X x

SCALff MODELS I x I x

MANIKINS xx x

VISIBILITY DIAGRAMS xx

REACH ENVELOPES xxx

COMPUTER TECHNIQUES (SECTION Gr

C .0 x

CAPE x

CAR x xx x

COME IMAN N

CUBITS x

M4KCAO

0compuTER TIECHNIQGUE ACRONYMS ARE DIMINIED IN SECTION a.

TABLE 6.0-1 -RESOURCE COMPARISON OF DESIGN TECHNIQUES
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to must meet. Each individual item specification contains a human

enqineering (HE) specification. The HE specification states the HE

criteria which the item must meet. The system specifications also have a

section for stating how the fact that the criteria have been met will ue

verified.

There are several documents describing how to prepare system

specifications and stating what the human engineering specifications must

be. These documents are briefly discussed below.

1) MIL-STD-490, Specification Practices. MIL-STD-490 (reference 1l)

contains instructions for writing system specifications. The application

of MIL-STD-490 is discussed in detail in Reference 5.

MIL-H-46855, Human Engineering Requirements for Military Systems,

Equipment and Facilities. MIL-H-46855 is the military specification which

contains the human engineering requirements for military systems. It

requires the performance of HE analysis, HE design criteria development,

and HE test and evaluation. The specification is periodically updated as

the philosophy of the HFE community evolves.

3) MIL-STD-1472, Human Engineering Design Criteria for Military

Systems, Equipment and Facilities. MIL-STD-1472 is tne military standard

which contains the detailed human engineering design criteria which the

items in the system must meet. It describes criteria that should be

applied in order to achieve required operator performance. These criteria

are based on practical experience and laboratory research with design

features that minimize errors arid speed performance. The standard

contains comment forms to be filled out by members of the HFE community

who use it and is periodically updated in response to these comments and

to incorporate new data which becomes available.

5. English,M., User's Guide for the Design Sections of MIL-H-46855
NADC-79220-60, Boeing Aerospace Company, Naval Air Development
Center, Warminster,Pa., 26 September 1980.

11. MIL-STD-490, Specification Practices, 30 October 1968.
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4) Other Contractual Human Engineering Criteria. Similar systems may

exist or previous research may have been done which is relevant to this

system. If so, HFE criteria from these sources may be included in the

Request for Proposal and Statement of Work.

When Used: During Request for Proposal preparation, Navy HFE

personnel should write the HE specification portion of the system J
specifications.

Advantages: Writing HFE design criteria into the system

specifications increases the probability that HFE will be performed J
during system design. Research has shown that when material on operator

considerations is included in the procurement specification, design

engineers give these considerations more weight in their decisions than

they otherwise would (Reference 12).

Limitations: Design specifications are not self-enforcing. Navy HFE

personnel must continue to monitor the system throughout its aevelopment

to assure compliance with specifications.

7.1.1.2 Statement of Work.

Summary Description: The Statement of Work (SOW) is a aocument

describing in aetail the work which will be performed oy the contractor.

How Prepared/Used: The SOW is the contractual vehicle by wnich the

Navy specifies to contractors who are bidding on a system whether all of

MIL-H-46855 ana MIL-STD-1472 will be applied or whether selected parts

will be applied (tailoring). It also specifies .what the selected parts

will be. Navy HFE personnel should become familiar with the tailoring

guidelines in MIL-HDBK-248(AS) (Reference 13), should make the decision as

12. Meister, D., Human Factors: Theory and Practice. Wiley, New York,
1971.

13. MIL-HDBK-248(AS), Tailoring Guide for Application of Specifications
and Standards in Naval Weapons Systems Acquisitions,
1 April 19/7.
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to whether to tailor MIL-H-46855 and MIL-STD-1472, and if tailoring is to

be done should select the relevant parts of the documents. Tne subject of

tailoring is discussed in both the Advantages and the Limitations

paragraphs below.

When Used: The proposed SOW is prepared by the Navy as part of a

Request for Proposal (RFP). A contractor's proposal, which may include a

reworded SOW, is prepared in response to the RFP. When the contract is

awarded, the final SOW written by the Navy is a part of the contract.

Advantages: Using the SOW as a design tool is extremely important if

all of MIL-H-46855 and MIL-STD-1472 are included or if the two documents

are appropriately tailored. Specific references to MIL-H-46855 and

MIL-STD-1472 in the SOW accompanying the RFP encourages contractors to

include the cost of HFE in their proposals and increases the probaoility

of HFE being performed during system design.

Limitations: 1) The SOW like the system specifications is not

self-enforcing. Navy HFE personnel must continue to monitor the system

throughout its development to ensure adherence to HFE design criteria.

2) The danger of the Navy tailoring MIL-H-46855 or MIL-STD-1472 in the

proposed SOW is the difficulty of doing appropriate tailoring.

MIL-H-46855 can be tailored by a knowledgeable person to reduce the cost

of a system, especially a less complex system, without compromising the

quality of human engineering of the system. For example, paragraphs

specifying the construction of HFE mockups or HFE simulators or the

conduct of HFE tests of human performance can be considere6 for

tailoring. If the necessary HFE data can be collected in conjunction bViuh

hardware mockups, hardware simulators, or hardware testing, it may be

possible to tailor these requirements out of MIL-H-468t5.

While tailoring MIL-H-46855 may be practical, tailoring MIL-STD-1472

by the Navy in the proposed SOW is risky. If items are tailored out wnicn

should have been left in, a good deal of the vdlue of requiring that HFE

be applied during system design is negated. In effect, some parts of the
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system will have HFE principles and criteria applied to them and others

will not.

It is extremely important that any tailoring of MIL-H-46855 or

MIL-STD-1472 in the SOW should be done by HFE personnel who are very

familiar with the contents of the two documents and who understand their

implications. Personnel doing the tailoring should keep in mind the fact

that during the design phase the system may develop in unanticipated ways,

such as controls or displays being added. MIL-STD-1472 is largely

self-tailoring in that provisions which do not apply cannot be performeu

by the contractor. For example, a system which has no displays cannot

have the Displays section of MIL-STD-1472 applied to it. It is advisable

for the Navy not to tailor MIL-STD-1472 at all in the proposed SOW and to

leave any tailoring to the contractor.

The responsibility for the accuracy of any tailoring done in the

proposed SOW received by the contractor rests almost entirely on the

shoulders of Navy HFE personnel. Even if contractor HFE personnel should

wish to revise inappropriate tailoring in the Navy's SOW, a contractor

ordinarily will not include the cost of additional human factors

engineering which the customer did not ask for in a bid because the bid

would not be competitive. On the other hand, if the entire MIL-$TD-1472

is included in the proposed SOW, the contractor may suggest appropriate

tailoring of MIL-STD-1472 in a proposal.

7.1.2 Design Criteria Checklist. HFE evaluation checklists have oeen in

use for more than 25 years. The use of checklists is described in the

general literature as early as 1956 (Reference 14). A MIL-STD-1472

14. Van Cott, H. P. and Altman, J. W., Procedures for Including Human
Engineering Factors in the Development of Weapon Systems, WADC

Technical Report 56-488, AD-97305, American Institute for
Research, Wright Air Development Center, October 1956.
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checklist was developed for the Minuteman Missile system by the Boeing

Company in 1966.

Summary Description: A design criteria checklist is a list of HFE

design criteria which must be met by the equipment and facilities in a

system. Most of the items on the checklist come from MIL-STD-1412, which

can be adapted to checklist form. Some checklist items may be taken from

other relevant HFE references.

Since MIL-STD-1472 currently contains over 200 pages, some method of

organizing the items was necessary. MIL-STD-1472 is divided into

categories such as visual displays, audio displays, controls, and

labelling. There are usually four columns to the right of each item to

indicate compliance, noncompliance, or not applicable and to make

comments.

When Used: Checklist evaluation is performed on each item which has

4n operator interface as soon as the item exists in a form which can be

evaluated, usually when the drawings of the item are completed.

Additional checklist evaluations are performed if the item is mocked up or

simulated. The checklist is eventually used to evaluate the first

production hardware.

Product and Purpose: The checklist is used to evaluate engineering

drawings, any mockups or simulators which are built, and the first

production hardware. The completed checklist provides documentation that

the HFE design criteria have or have not been met.

Advantages: Although the checklist takes knowledge, time, ana effort

to use, it is still quicker and easier to use than any other HFE design

technique and is the most often used technique for evaluating system

design. It is helpful in identifying basic HFE design deficiencies which

might otherwise be overlooked until later in system development or not

detected until system operation.

Limitations: 1) Currently, the process of getting approval for a

requested MIL-STD-1472 deviation is ill-defined and cumbersome. The
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contractor HFE specialist prepares the request but the approval routing

within both the contractor organization and the Navy organization is

ambiguous. A figure of $50,000 per requested deviation has been estimated

for processing the paperwork whicn may contribute to the perception uf HFE

as a cost driver in system acquisition.

2) Certain criteria in MIL-STD-1472B are almost sure to require

deviation requests, for example, the fact that many government specifiea

parts are not built to MIL-STD-1472B criteria.

7.2 Design Techniques to Represent the Hardware/Software

The techniques described in this section represent the

hardware/software.

7.2.1 Drawings

Paragraph 3.2.2.2 of MIL-H-46855 requires that:

"Human Engineering principles and criteria applied
to the design of systems and equipment shall be
reflected by the detail design drawings for these
systems and equipment to assure that the final
product can be efficiently, reliably and safely
operated and maintained. The following drawings
are included: panel layout drawings, communication
system drawings, overall layout drawings, control
drawings and other drawings depicting equipment
important to system operation and maintenance by
human operators. Design shall comply with
applicable criteria of MIL-STD-1472 anu other
human engineering criteria specified by the
contract."

Summary Description: Engineering drawings are precise outline

drawings which depict the design of an item, facility, or subassembly

which is a component or part of the total systcm. By showing relateu

drawing views, intricate and complicated ;hapes are clearly depicted.

Exact sizes are provided without ambiguity. Individual parts are

identified for assembly and are locate i, the assembly in their correct
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functional position. Descriptive notes provide information as to

materials, finishes, and directions for manufacture and assembly.

When Used: Drawinqs are evaluated by the HFE specialist as soon as

they are completed.

Product and Purpose: Drawing evaluation indicates whether the

hardware represented by the drawing complies with HFE design criteria. A

drawing evaluation using a MIL-STD-1472 checklist provides documentation

of whether HFE design criteria have or have not oeen met.

Advantages: Evaluation of design concepts at the drawing stage makes

it possible to detect lack of compliance with HFE design criteria before

the hardware is built. It is the quickest and easiest design technique.

7.2.2 Mockups

Summary Description: Mockups are full scale models of items of

equipment or facilities. Mockups are constructed to evaluate the system

design before the manufacture of hardware and are either static or

dynamic. Static mockups do not work; dynamic mocKups do work.

A static mockup is usually made of inexpensive material such as

cardboard with a foam core. The crewstation components are represented by

cutouts from drawings or photographs of the hardware or by actual

hardware.

A dynamic mockup has controls and displays that actually operate. The

degree of complexity of a dynamic mockup can vary from relative simplicity

to almost as complex as a simulator.

When Used: Dynamic mockups are usually constructed late in the design
cycle when the design has been developed to a considerable level of detail
but before hardware is built. Static mockups may be constructed as early

in the design cycle as sufficient information is available.

Product and Purpose: Both static and dynamic mockups are used to take

measurements of operator and maintainer reach capabilites, clearance

spaces, access openings, and vision capabilities and to compare the
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measurements with HFE design criteria for verification. Botn types of

mockups are also used to aid in visualizing three-onimensiondl proolems.

Both types of mockups are used to study the perTormance of personnel

in simulated operational situations. In a static mockup, persons

representing operators simulate looking at displays uy looking at the

drawings of displavs glued to the console and simulate operating tne

controls by touching the drawings of controls. In a dynamic mockup,

operators actually perform operational procedures and the equipment

responds. The operators are observed and intervieweu, and their responses

have greater validity when made in a dynamic mockup. More realistic

lighting and sound measurements can De taken than in a static mockup.

Operational procedures can be verified.

Advantages: Mockups allow static or dynamic evaluation in three

dimensions of a number of human-machine interfaces before hardware is

built. Operators can be observed and interviewed. Lighting and sound

measurements can be taken. Operational procedures can De verified.

Dynamic mockups provide greater realism to these evaluations than static

mock ips.

Limitations: 1) Mockups can be expensive.

2) Mockups are frequently not constructed until late in the design

cycle.

7.2.3 Scale Models

Summary Description: A scale model is a representation of a

component, subsystem, or system which is built to less than full scale,

for example, to 1/10 scale.

When Used: Scale models can be constructed at any time in the oesign

development cycle that the necessary data is available. A scale model may

be constructed because a full scale model would be too cumbersome, too

expensive or too complicated. A scale model is more likely to be built

before hardware but might be built for demonstration purposes after the

hardware exists.
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Product and Purpose: Scale models allow viewing of a system in three

dimensions. They allow the HFE specialist to see the whole system at once

which might not be possible in full scale. They also allow evaluation of

some logistics problems.

Advantages: Scale models can be cheaper to build arid more easily

transported and stored than mockups.

7.3 Techniques to Represent the Operator

The technique described in this section represents the operator.

7.3.1 Manikins

Summary Description: A manikin is a flat, transparent plastic

representation of a human. It represents the two-dimensional

anthropometric characteristics of a human such as height and arm length as

seen from the side. The manikin has movable parts so that it can be

arranged in various positions.

When Used: Manikins are used in the drawing preparation process or

after drawings are completed but before hardware is built.

Product and Purpose: The manikins are used to prepare drawings and to

evaluate drawings. Problems such as controls which cannot be reached,

reach interference, and restrictions of personnel movement, entry, anu

exit can be identified.
Advantages: Manikins are very cost effective in avoiding or

identifyinq problems on drawings. Although a full set of sizes and shapes

of manikins will cost several hundred dollars, this expenditure pays off

by allowing more accurate design.

7.4 Design Techniques to Represent the Operator Interacting With the

Hardware

The techniques described in this section represent the operator

interacting with the hardware.
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7.4.1 Visibility Diagrams

Summary Description: Visibility diagrams are drawings of the area an

operator can see externally when in a crewstation. This area is called

the operator's vision envelope and it is usually depicted oy preparing

several diagrams of the the operator in front of a console or other

instruments and controls. The diagrams show actual views from the

operator's eyes.

When Used: Visioility diagrams are prepared as soon as the necessary

design details are available but before hardware is ouilt.

Product and Purpose: Visibility diagrams are used to determine what

operators can and cannot see external to the crewstation. They are used

in cockpit design, for example, to determine where window posts appear in

the pilot's view of the runway during landing approaches from various

angles.

Advantages: Visibility diagrams can avoid the cost of preliminary

mockups constructed specifically to evaluate operator vision.

7.4.2 Reach Envelopes

Summary Description: A reach envelope drawing shows the area an

operator can reach. Controls must be placed within the area designated by

the reach envelope for the operator to be able to use them. The operator

of interest is usually the smallest operator from the anticipated operator

population defined as an operator with 2nd percentile aimensions.

When Used: Reach envelopes are prepared as the necessary design

details are available but before hardware is built.

Product and Purpose: Reach envelope templates are prepared and used

to evaluate engineering drawings. A determination is made of whether tile

smallest person in the anticipated operator population can reach the

controls or if it is necessary to move the controls.

Advantages: Reach envelope drawings may eliminate the need to

construct a mockup specifically to evaluate operator reach.
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8.0 Design Techniques Using Computers I
With the widespread use of computers, techniques have )een deviseu to

automate time-consuming HFE tasks. Techniques have also been developed to

do things which were previously not possible. In order to employ any of

the techniques using computers, it is necessary to have access to or

obtain the computer hardware and accessory equipment required to implement

the technique. It is also necessary to obtain the computer software

(computer programs) and to have the software modified to some extent for

each individual computer facility.

The techniques using computers vary in a number of ways. Tney address

a variety of questions using different theoretical approaches. Some are

harder to learn to use or to use than others. Some perform more complex

analyses than others. Some are more expensive to use than others. Some

are very difficult to transfer from one computer facility to another.

The paragraphs which follow briefly describe the techniques. The

subjects addressed by the techniques are summarized in Table 8.0-1.

References 16 and 17 contain detailed theoretical and technical analyses

of a number of the computer models. More information about the models can

be obtained from the source documents referenced in the descriptions of

the techniques in this section and from the personnel at the

implementation locations identifiea in this section.

8.1 Techniques Representing the Operator Interacting With the

Hardware/Software

All of the techniques using computers are representations of the

operator interacting with the hardware/software.

16. Greening, C. P., Analysis of Crew/Cockpit Models for Advanced
Aircraft, ADA054957, Autonetics Div., Rockwell International,
Naval Weapons Center, China Lake, Ca., February 1978.

17. Pew, R. W., Feehrer, C. E., and Baron, S., Critical Review and
Analysis of Performance Models Applicable to Man-Machine System
Evaluation, AD-A038-597, Bolt, Beranek and Newman, Inc., Air
Force Office of Scientific Research, March 1977.
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8.1.1 CAFES (Computer Aidea Function Allocation and Evaluation System)

Summary Description: CAFES is the name given to a collection of

computer programs for HFE analysis and HFE design. CAFES was developed

for the Naval Air Development Center by The Boeing Company (Reference 18)

and consists of four modules. Two of these modules are described in the

analyst's guide (Reference 2). One is descriDea later in this section and

one is briefly discussed oelow.

The CAFES modules in the analyst's guide are FAM (Function Allocation

Model) for evaluating the effect on a system of allocating the functions

in various different ways-to rrews and to hardware ano WAM (Workload

Assessment Module) for evaluating crew workload.

The CAFES module described later in this section is CAD (Computer

Aided Design) for evaluating crewstation designs.

The fourth CAFES module is the CAFES/CGE Interface which allows use of

CAFES command language for data input to CGE (Cockpit Geometry

Evaluation). CGE is described later in this section.

For all of the CAFES modules, the same type of communication is used

to begin and end processing, to call up a particular module, and to obtain

output. These common features make it easier for the HFE specialist to

use the various modules.

The information obtained from the outputs of one CAFES module can oe

used in preparing the inputs for another module. For example, if the

urfderlying cause of a high workload condition identified Dy a WAM

2. Geer, C. W., Analyst's Guide for the Analysis Sections of MIL-H-46855
D180-19476-1, Boeing Aerospace Company, Naval Air
Development Center, Warminster, Pa., 30 June 1976.

18. Edwards, R. E., Rensnaw, K. S., Healy, M. J., and Atkins, R. A.,
Computer Aided Function Allocation Evaluation System
(CAFES), ADA033856, Boeing Aerospace Company, 1976.
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simulation is attributed to the level of automation of a system or to the

system's operational procedures, this information can be used to alter the

number and type of controls and displays or to modify control and display

arrangements on one or more panels. If the workload analysis reveals low

workload levels for extended periods of time, this information can be used

to eliminate one or more crewstation positions in the FAM model. Errors

in crewstation design such as the omission of a required control or

display may be detected when preparing WAM input data. These same design

errors may also be reflected by higher workloads in WAM.

8.1.2 CAD (Computer-Aided Design)

Summary Description: CAD uses a computer to simulate an operator

reaching for controls, looking out the windshield, and escaping from a

crewstation of a specific design.

CAD computes: the distance between the operator's shoulder or other

reference point and the controls to be used, the operator's line of sight

out the windshield, and the operator's escape path. CAD prints out

graphic views of the crewstation in addition to the numerical data.

From a CAD simulation, the HFE specialist can determine whether an

operator of a specific size can reach all the controls, see out the

windshield, and escape from the aircraft. The specialist can also

identify obstacles obstructing vision or escape.

CAD does not address specific task performance, performance times,

workload, system performance, internal vision, reach obstruction, control

relocation, percentage of operator population accommodated or excluded by

crewstation dimensions, or crewstation dimensional compliance with

specific military standards. CAD does not have a graphic display or

interactive design layout capability.

When Used: CAD is used as soon as a preliminary design is developeo

to the considerable level of detail to provide the required data or after

a final design is completed but before hardware is built.
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Advantages: 1) CAD produces good graphic illustrations.

h 2) CAD performs useful analyses which are too complex to perform oy
hand.

Limitations: 1) CAD is expensive to use.

2) CAD is difficult for the HFE specialist to learn to use and

time-consuming to use.

3) CAD has not yet been transferred from ooie computer facility to

another.

History and Source: CAD was developed for the Naval Air Development

Center uy The Boeing Company (Reference 19). The current version was

completed in 1974. CAD is implemented at NADC, Warminister, Pa.

8.1.3 CAPE (Computer Accommodated Percentage Evaluation)

Summary Description: CAPE uses a computer to simulate a series of

operators with different combinations of arm length, leg length, and other

anthropometric characteristics representative of an actual population of

proposed operators. It also simulates a proposed crewstation design.

CAPE compares the measurements and other characteristics of these

operators with the dimensions of the crewstation and the location of the

controls and records the discrepancies.

From a CAPE simulation, the HFE specialist can determine the actual

percentage of a proposed operator population who can fit into, operate,

and escape from a proposed crewstation design. The specialist can also

determine how many operators are excluded from the crewstation design oy
any specified anthropometric dimension or by any specified crewstation

dimension.

19. Edwards, R. E., Curnow, R. P., and Ostrand, R. A., Computer Aided
Design (CAD) User's Manual, D180-20247-5, Boeing Aerospace
Company, Naval Air Development Center, March 1978.

I
I3

Um



I

CAPE does not address specific task performance, performance times, j
workload, system performance, vision, reach interference, control

relocation, or crewstation dimensional compliance with specific military

standards. It does not have a graphic display or interactive design I
layout capability and does not produce graphic illustrations.

When Used: CAPE is used as soon as a preliminary design is developed

to the level of detail to provide the required data or after the final

design is completed but before haraware is built.

Advantages: 1) CAPE is one of the few techniques which computes the

percentage of a proposed operator population which will De accommodated by

or excluded from a proposed crewstation design.

2) CAPE is one of tne less expensive techniques using computers.

Limitations: 1) CAPE is somewhat difficult to use.

2) CAPE is not easilty transportaDle from one computer facility to

4nother.

History and Source: CAPE was developed by the Pacific Missile Test

Center (Reference 20). The current version was completed in 1975. CAPE

is implemented at PMTC, Point Mugu, Ca.

8.1.4 CAR (Computerized Assessment of Reach)

Summary Description: CAR uses a computer to simulate a series of

crewmembers sitting in the seat of a crewstation of a specific design,

adjusting the seat at the design eye point, and reaching for the controls

with hands and feet. The simulated crewmembers have varying combinations

of arm length, leg length, and other anthropometric characteristics

representative of 1964 Navy pilots or any other group for which an

anthropometric data hase is available.

20. Bittner, A. C., Computerized Accommodated Percentage Evaluation (CAPE)
Model for Cockpit Analysis and Other Exclusion Studies,
TP-75-49/TIP-03, Pacific Missile Test Center, Point Mugu, Ca.,
December 1975
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CAR computes the percentage of crewmembers who can position themselves

at the design eye point, reach the controls, and have adequate head

clearance. CAR also computes the amount of relocation, if any, required

for controls so that a specified percentage of crewmemoers can reach them.

From a CAR simulation, the HFE specialist can determine now many

crewmembers can fit in the crewstation and operate the system. The HFE

specialist can also determine the amount of control relocation required.

CAR does not address task or system performance, workload, vision or

reach obstruction, escape, or crewstation dimensional compliance with

specific military standards. CAR does not have a graphic display or

interactive design layout capability and does not print yraphic

illustrations.

When Used: CAR is used as soon as a preliminary design is completed

to the level of detail to provide the required data or after the final

design is completed but before hardware is built.

Advantages: 1) CAR is one of the few techniques which computes the

percentaqe of proposed crewmembers who will be accommodated by or excluded

from a proposed crewstation design.

2) CAR is one of the less expensive techniques using computers.

3) CAR is quick and easy for the HFE specialist to use.

4) CAR has been transferred from one computer facility to another a

number of times.

History and Source: CAR was developed for the Naval Air Development

Center by The Boeing Company (Reference 21). The current version was

completed in 1976. CAR is implemented at NADC, Warminister, PA.

Additional development for NADC by Analytics is in process and will be

completed in 1980.

21. Edwards, R. E. et al, Crewstation Assessment of Reacn (CAR) User's
Manual, DlSO-19321-1, Boeing Aerospace Company, Naval Air
Deve-opment Center, April 1975.
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8.1.5 CGE (Crewstation Geometry Evaluation)

Summary Description: CGE uses a computer to simulate an operator

looking at displays and reaching for controls in a specific crewstation

design. CGE also compares the dimensions and other characteristics of Lne

crewstation with the requirements of specifie military stanoards.

CGE detects visual and reach interference, determines whether the

fully restrained operator can reach the controls, and detects

noncompliance of crewstation dimensions with military standards for

two-place fixed-wing aircraft.

From a CGE simulation, the HFE specialist can determine whether the

operator can see the displays and reach the controls and whether the

design complies with military specifications and standards. The HFE

specialist can also determine what specific items obstruct the line of

sight, what specific items interfere with operator movement and now much,

And which items do not comply with military standards.

CGE does not address performance of specific tasks, performance times,

workload, system performance, external vision, control relocation, escape,

or percentage of the operator population which will be accommodated uy or

excluded from a proposed crewstation design. CGE does not have a graphic

display or interactive design layout capability.

There is a CAFES/CGE interface module which simplifies the input data

process by allowing the CAFES command language to be used (Reference 19).

When Used: CGE is used as soon as a design is developed to the

considerable level of detail required or after the design is completed but

before hardware is built.

19. Edwards, R. E., Curnow, R. P., and Ostrand, R. A., Computer Aided
Design (CAD) User's Manual, D180-20247-5, Boeing Aerospace
Company, Naval Air Development Center, March 1978.
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I Advantaqes: 1) CGE provides good graphic illustrations.

I 2) CGE performs useful analyses that cannot be (jone by hand.

3) CGE is the only technique using computers which checks for cockpit

geometry compliance with specfic military standards.

Limitations: 1) CGE is expensive.

2) CGE is difficult to learn to use and time-consuming tor the HFE

specialist to use. The very detailed cockpit geometry data required can

take two weeks to enter.

3) CGE has not yet been transferred from one computer facility to

another.

History and Source: CGE was developed for the Joint Army Navy

Aircraft Instrumentation Research Program (JANAIR) by The Boeing Company

(Reference 22). The current version was completed. in 1972. A CAFES/CGE

interface was developed for the Naval Air Development Center by The Boeing

Company in 1976 (Reference 19). CGE is implemented at NADC, Warminster,

Pa.

8.1.6 COMBIMAN (Computerized Biomechanical Man-Model)

Summary Description: COMBIMAN uses a computer to graphically

reproduce an operator of a specified size on a graphic display screen. It

then reproduces controls and displays around the operator as they are laid

out with a light pen on the display screen.

When the design is completed, COMBIMAN simultaneously projects two

views of the design onto the screen to create a three-imensional effect,

19. Edwards, R. E., Curnow, R. P., and Ostrand, R. A., Computer Aided
Design (CAD) User's Manual, D180-20247-5, Boeing Aerospace
Company, Naval Air Development Center, March 1978.

22. Katz, R., Cockpit Geometry Evaluation, Phase II Final Report, Vol.
III: Computer Program System, D162-10127-3, The Boeing Company,
JANAIR Report 720402, November 1971.
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rotates these views to be looked at from any angle, and magnifies selected

features. It also simulates and reproduces on the screen a series of

operators with dimensions representative of the intended user population.

Using a COMBIMAN simulation, the HFE specialist can design aI

crewstation directly on the graphic display and then evaluate the design.

The specialist can identify problems of external vision, reach, and j
accommodation of the proposed crewmember population. The specialist can

also determine the dimensions crewmembers must have to fit into an 1
existing design.

LOMBIMAN does not address specific task performance, performance j
times, workload, system performance, internal vision, escape, or

crewstation compliance with specific military standards.

When Used: COMBIMAN is used during the design process or after a

design is completed but before hardware is built.

Advantages: 1) COMBIMAN is the only technique that allows the tile HFE

specialist to design a crewstation directly on the CRT screen, evaluate

the design in three dimensions and from any angle, and determine whether

crewmembers from the proposed population can fit into the design.

2) COMBIMAN is easy for the HFE specialist to use.

Limitations: 1) COMBIMAN is expensive.

2) COMBIMAN requires an IBM 2250 computer terminal which has special

function keys and an IBM graphics software package. COMBIMAN has not yet

been transferred from one facility to another.

History and Source: COMBIMAN was developed by the Aerospace Medical

Research Laboratory (Reference 23). The current version was completed in

1978. COMBIMAN is implemented at AMRL, Wright-Patterson Air Force Base, j
Ohio.

23. Evans, S. M., Updated User's Guide for the COMBIMAN, AMRL-TR-78-31.Aerospace Medical Research Laboratory, Wright Patterson Air I
Force Base, Ohio, 1978.
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8.1.7 CUBITS (Criticality/Utilization/Bits of Information)

Summary Description: CUBITS is a set of computations for determining

the amount of space which should be allocated to a control or display.

The computations can be done by hand or they can be computerized.

CUBITS computes the size of tne control or display based on how

important it is (criticality), how often it is used (utilization), ano how

much information an operator gets from tne display or transfers to the

control (bits of information).

From a set of CUBITS computations or a CUBITS simulation, the HFE

specialist can determine how oig to make a control or display.

CUBITS does not address task or system performance, workload, vision,

reach, escape, percentage of operator population accommodated or excluded

by crewstation dimensions or crewstation compliance with specific military

standards. The computerized version of CUBITS aoes not nave a graphic

display or interactive design layout capability and does not print graphic

illustrations.

When Used: CUBITS is used during the early design process as soon as

the necessary data is available.

Advantages: CUBITS provides a systematic and logically derived method

for allocating control and display space. Different HFE specialists

should come up with approximately the same answers using this technique.

History and Source: CUBITS was developed for the Naval Air

Development Center by Dynamation, Inc. (Reference 24). The current

version was completed in 1979. Additional developmental work is oeing

done. The computerized CUBITS is implemented at NADC, Warminister, Pa.

24. Wherry, R. J., et al, Design Procedure for an Information Transfer
Method (CUBITS) of Allocatinq Panel Area for Aircrew Station
Controls and Displays, Dynamation, Inc., Naval Air Development
Center, 30 May 1979.
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8.1.8 HECAD (Human Engineering Computer-Aided Design)

Summary Description: HECAD uses a computer to reproduce on a graphic

display the outlines of control and display panels and the components of

these panels as the HFE specialist lays them out with a light pen on the

graphic display screen.

HECAD computes the distance from an operator's shoulder reference

point to each control, simulates operator eye scans and hand movements

during task performance, computes probability of successful operator

performance, and prints a graphic illustration of the operator's fingertip

paths during task performance.

Using a HECAD simulation, the HFE specialist can design a crewstation

directly on the graphic display screen and can determine whether an

operator can reach the controls, whether operator hand motions are

efficient during task performance, and the likelihood of successful

operator performance.

HECAD does not address system performance, workload, vision, reach

interference or control relocation, escape, percentage of operator

populatiji accommodated or excluded by crewstation dimensions, or

crewstation compliance with specific military stanuards.

When Used: HECAD is used during the design process, as soon as a

preliminary design is developed to the extent that the required data is

available, or after a final design is completed but before hardware is

built.

Advantages: 1) HECAD is one of the few techniques which provide

interactive design layout capability.

2) HECAD is quick and easy for the HFE specialist to understand and

use.

Limitations: HECAD requires an IBM 2250 computer terminal which nas

special function keys and an IBM graphics software package. HECAD has not

yet been transferred from one facility to another.
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History and Source: HECAD was developed by Aerospace Medical Research

Laboratorv (Reference 25). The current version was completed in 1978.

HECAD is implemented at AMRL, Wright-Patterson Air Force Base, Ohio.

8.1.9 HOS (Human Operator Simulator)

Summary Description: HOS uses d computer to simulate an operater

performing tasks in a system and the system responaing to the operator's

actions and to outside events.

HOS computes the time required to perform the tasks ano how tne system

responds.

From the results of a HOS simulation, the HFE specialist can oetermine

whether it is possible for the operator to perform all of the tasks in the

available time. The specialist can also determine the effect on system

performance if the operator cannot perform all the tasks.

In a HOS simulation the following subjects are not addressed: vision,

reach, escape, percentage of operator population accommodated or excluded

by crewstation dimensions, or crewstation compliance with specific

military standards. HOS does not have a graphic display or interactive

design layout capability and does not print out graphic illustrations.

When Used: HOS is used as soon as a preliminary aesign is developed

to the extent that the required data is available, after the final design

is completed but before hardware is built, or at other times in the system

development cycle.

Advantages: 1) Data on human and system performance in hypothetical

tactical situations can be obtained.

2) Different system configurations and operator strategies can be

tested.

3) Complex system design problems can be examined.

25. Topmiller, D. A. ana Aume, N. M., Computer-Graphic Design for Human
Performance, Proceedings 1978 Annual Reliability and Maintainability
Symposium, pp. 383-388, /8 RM 066, 1978.
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Limitations: 1) HOS is expensive.

2) HOS requires considerable analytical skills from the HFE

specialist and is time-consuming to use.

3) HOS has not yet been transferred from one computer facility co

another.

History and Source: HOS was developed for the Naval Air Development

Center by Analytics (Reference 26). The latest version was completea in

1975. HOS is implemented at NADC, Warminster, Pa.

26. Strieb, M. I., Glenn, F. A., and Wherry, R. J., The Human Operator

Simulator, Volume IX - HOS STUDY GUIDE, Analytics, Naval Air

Development Center, 1978.
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APPENDIX A

ACRONYMS

BOEMAN Computerized Mathematical Human Model

CAD Computer Aided Design

CAFES Computer Aided Function Allocation and Evaluation

System

CAPE Computer Accommodated Percentage Evaluation

CAR Crewstation Assessment of Reach

CDRL Contract Data Requirements List

CGE Cockpit Geometry Evaluation

COMBIMAN Computerized Biomechanical Man-Model

CUBITS Criticality/Utilization/Bits of.Information

DEP Design Eye Point

DID Data Item Description

DoD Department of Defense

ERP Eye Reference Point

FAM Function Allocation Model

HE Human Engineering

HECAD Human Engineering Computer Aided Design

HFE Human Factors Engineering

HOS Human Operator Simulation

JANAIR Joint Army Navy Aircraft Instrumentation Research

Committee

NAVMAT Chief of Navy Material
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RFP Request for Proporal

SECNAV Secretary of the Navy

SOW Statement of Work

WAM Workload Assessment Model
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APPENDIX 8

MIL-H-46855A

3.2.2 Human Enqineering in Equipment Detail Design. - During detail oesign

of equipment, the human engineering inputs, made in complying with the

analysis requirements of paragraph 3.2.1 herein, as well as other

appropriate human engineering inputs, shall be converted into detail

equipment design features. Design of the equipment shall meet the

applicable criteria of MIl-STD-1472 and other human engineering criteria

specified by the contract. Human engineering provisions in the equipment

shall be evaluated for adequacy during design reviews. Personnel assigned

human engineering responsibilities by the contractor shall participate in

design reviews and engineering change proposal reviews of equipment end

items to be operated or maintained by humans. Human engineering

requirements during equipment detail design are specified in paragraphs

3.2.2.1, 3.2.2.2, 3.2.2.3 and 3.2.2.4 herein.

3.2.2.1 Studies, Experiments and Laboratory Tests. - The contractor shall

conduct experiments, laboratory tests (including dynamic simulation per

paragraph 3.2.2.1.2), and studies required to resolve human engineering

and life support problems specific to the system. Human engineering and

life support problem areas shall be brought to the attention of the

procuring activity, and shall include the estimated effect on the system

if the problem is not studied and resolved. These experiments, laboratory

tests, and studies shall be accomplished in a timely manner, i.e., such

that the results may be incorporated in equipment design. The performance

of any major study effort shall require approval by the procuring

activity.

3.2.2.1.1 Mockups and Models. - At the earliest practical point in the

development program and well uefore fabrication of system prototypes,

full-scale three-dimensional mockups of equipment involving critical human

performance (such as an aircrew compartment, maintenance work shelter, or

a comnand control console) shall be constructed. The proposed Human

Engineering Program Plan shall specify mockups requiring procuring

activity approval and modification to reflect changes. The workmanship

B-1
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shall be no more elaborate than is essential to determine the aoequacy of

size, shape, arrangement, and panel content of the equipment for use by

humans. The most inexpensive materials practical shall be used for

fabrication. These mockups and models shall provide a basis for resolving

access, workspace and related human engineering problems, and

incorporating these solutions into system design. In those design areas

where equipment involves critical human performance and where human

*" performance measurements are necessary, functional mockups shall be

provided, subject to prior approval by the procuring activity. The

mockups shall be available for inspection as determined by the procuring

activity. Upon approval by the procuring activity, scale models may be

substituted for mockups. Disposition of mockups and models, after they

have served the purposes of the contract, shall be as directed by the

procuring activity.

3.2.2.1.2 Dynamic Simulation. - Dynamic simulation techniques shall be

utilized as a human engineering design tool when necessary for the detail

design of equipment requiring critical human performance. Consideration

shall be given to use of various models for the human operator, as well as

human-in-the-loop simulation. While the simulation equipment is intended

for use as a design tool, its potential relationship to, or use as,

training equipment shall be considered in any plan for dynamic simulation.

3.2.2.2 Equipment Detail Design Drawings. - Human engineering principles

and criteria shall De applied to equipment drawings during detail design

to assure that the equipment can be efficiently, reliably and safely

operated and maintained. The following drawings are included: panel

layout drawings, communication system drawings, overall layout drawings,

control drawings and other drawings depicting equipment important to

system operation and maintenance by human operators. The approval of

these drawings by the contractor shall signify that human engineering

requirements are incorporated thereon and that the design complies with -.

applicable criteria of MIL-STD-1472 and other human engineering criteria

specified by the contract.
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3.2.2.3 Work Environment, Crew Stations and Facilities Design. Human

engineering principles and criteria shall be applied to detail design of

work environments, crew stations and facilities to be used by humans in
the system. The approval of drawings, specifications and other

j documentation of work environment, crew stations and facilities by the

contractor shall signify that human engineering requirements are

incorporated thereon and that the design complies with applicable criteria

I of MIL-STD-1472 and other human engineering criteria specified by the

contract. Design of work environment, crew stations and facilities which

affect human performance, under normal, unusual and emergency conditions,

shall consider at least the following where applicable:

a. Atmospheric conditions, such'as composition, volume, pressure ana

control for decompression, temperature, humidity and air flow.

b. Weather and climate aspects, such as hail, &now, mud, arctic,

desert and tropical conditions.

c. Range of accelerative forces, positive and negative, including

linear, angular and radial.

d. Acoustic noise (steady state and impulse), vibration, and impact

forces.

e. Provision for human performance during weightlessmess.

f. Provision for minimizing disorientation

g. Adequate space for man, his movement, and his eqdipment.

h. Adequate physical, visual, and auditory links between men and men,

and men and their equipment, includinq eye position in relation to display

surfaces, control and external visual areas.

i. Safe and efficient walkways, stairways, platforms and inclines.

j. Provisions for minimizing psychophysiological stresses.

k. Provisions to minimize physical or emotional fatigue, or fatigue

due to work-rest cycles.

1. Effects of clothing and personal equipment, such as full and

partial pressure suits, fuel handler suits, body armor, polar clotning,

and temperature regulated clothing.
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m. Equipment handling provisions, including remote nandling provisions

and tools when material and environment require them.

n. Protection from chemical, biological, toxicological, radioloqical,

electrical and electromagnetic hazards.

o. Optimum illumination commensurate with anticipated visual tasks.

p. Sustenance and storage restraints (shoulder, lap and leg restraint

systems, inertia reels and similar items) in relation to mission phase anG

control and display utilization.
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APPENDIX C - DATA ITEM DESCRIPTIONS ___

DATA ITEM DSCR9PYICN A. '"-P

1TIE.

Huran Enginnering Dynimic Simulat~on Plan DVO -H-052

This plan descrites the contractor's intenled use of j~?17
dynamic simulat ion technivues in support of humlan engineer-In Lnlyis dely sufr n et~devlain PA

G. WZ' RLEAIA

8. APPWVYA.. LIMI'ATiON

This DID is related to 0!-H- 7059, Human Engineering Prog-
ress Report.

This DID replaces LIDI-H-21388. 9. &FElA.P-.E AS CITED IN

This DI') is prim~arl~y applicablet~ o w.ork tas~ks eelineated
in para~ra;ph(s) 3.2.2.1.2 oi NIL-H-46835B. MIL-H-466558

to. PREPARATIONIFI STRJCTION

101Content Pe.uireier'ts. The plan shall consist of the following infcrnation:

1) Rationale and Gen~ral Cescripticr. The need fo-r a dynamic sirrl'jaticn
program shall te _'escrited. The ollerail si-.lation concert snail be 4escribed.
-Lenefits to be dirived fror dyn~amic s4.Tulaton shall t.: stated. Th-! int~rrel t-,J-
ships between dy-arnic simula'ticn: end other huvi ergireering analysis, desiyn su~pnrt
and test and evaluation tecrnnieiues snall be described.

2) Techniques. Each dynamic simu:lation technique an6 nrocee&-jrr prr.Pcsed by
the cntractor shall be fully descritod. R-.tiornal:! for tile seilect;.: cf tecr .n:es
shall be given.. The specific ccntrituti.rs o-F eech tec~nque to hu:nan engirse!run
anslysis, design support and test and avalution snail tie stated. Prwvious efforts
conducted by the contractor or cthers to validate each proposed! teclhniq, e Shall te
described, including a discussion of results.

3) Activities. Th.e intended use of each dynamic simulation technique shall
be described with regard to each of Vie following:

a) human performance and workload analysis, test and d-2monstration.

b) system design developmrent, test and demonstration.

00 ON" 1664 Fp~ 1 or 2 PAE
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DI-H-7052

10. PREPARATION INSTRUCTIONS (continued) j
c) system effectiveness studies, tactics development and

verification1

d) deveicpment and verification of operator skill, know-
ledge and other training data.

e) operator procedures development and verification, including J
degraded mode and emergency procedures.

f) training equipment design and verification studies j
g) development and verification of technical publications

4) Organization and Personnel. The plan shall identify and
describe the contractor orcanizational elements responsible for executing
the Human Engineerinq Gynamic Simulation Plar. Structural definition

shall include the nurner of proposed personnel, level of effort (in ran-
months) and the functions of key personnel. The relationships between
responsible organizational elements shall be described. The authority
delegated to each element shall be stated in explaining the relationship.

5) Schedule. A detailed schedule shall be prepared. Compati-
bility between the simulation schedule and the release of program analyses,
design and test products for each area of utilization described in
paragraph 3) above shall be described. Facility and special requirements
(per paragraph (7) below) shall be indicated on the schedule.

6) Data. Data acquisition procedures and techniques, types of
qualitative and quantitative data to be obtained and data analysis
lechniques shall be fully described. The plan shall state that simulation
results shall be described in Human Engineering Progress Reports
(DI-H-7059).

7) Facilities and Special Requirements. Dynamic simulation
facilities shall be described. Any requirements to utilize government
facilities, models, data or other government property shall be identified.
If the contractor requires participation by government personnel (e.g.,
as subjects in simulation studies), appropriate information shall be
provided - such as number and qualifications of personnel, desired level
of participation and schedule of participation.

8) Scenarios and Mission Descriptions. The scenarios and
missions to be simulated shall be descrihed. Information on mission
objectives, geography, threats, weather conditions, or any other data
relevant to system simulation shall be presented.

10.2 Format Requieiments. The Human Engineering Dynamic Simulation
Plan shallFbe prepared in contractor format.

*U.. SvUauMENt p04 mtrNfl PRO 11 1t .1rec.e,
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DATA ITEM DESCRIPTION 2. ETIHAT0#

Hunian Engineering esign Approach Docurent-Maintainer DD0-175

'. 5nIrhAfr.'~OS .. APkQC At ChATE

This document provides 2 source of data to evaluate theI ue17
eAtent to which equipment having an interface with main- 5. rFFCE LF -P:*'AR

tainers rests humran performance requirements and human RSOSI3LIr

engineering design criteria. a-MY/ M I DC OX

6. DCC S-zWAIREO

* ~PLCATI./IELATIl~.SiIP8. MAPOdAL LIMITATION~

This DID replaces 0I-H-2108 and tDI-1I-2i385.

This DID is priariLy anplicable to wdork tasks delireated ______________

in paragrasph(s) 3.2.1.2, 3.2.1.3, 3.2.1.4, and 3.2.2 of 9. PEEEE !MA.%:ATOQY AS C17t:I.
.. IL-I-4655S.BLOCK 10)

MIL-H-46855B
MIL-STO- 1472

MC. NLUEP&(S)

10. REPA4tATijh 045TCT IONS

10.1 General. The Huran Engineering Design Acoroach Documeitt - Mairtainer (HECAD-
M) shall e prepared %hich describes the characteristics, layout, and installation of
allequipm'nt having a raintainer interface (excluding depot level maintenance ac-
tions); it snail also describe maintainer tasKs associated Itith the ecuic 2nt. The
HEDAD-H. shall describe the extent to which the requireT'ents of M:L-STD-1472 and otner
applicable huran engineering documents specified in the contract have been incorocratea
into the desion, lay'nut, and installation of equloment having a raintainer interface.
Maintainer task aralysis results shall be oresented as part of the rationale suportirg
the layout, design and installation of tne equipmnent. The requirement for this infor-
mation is predicated on the assjmrotion that, as analytic and study inforration, it is
develoned sufficiently early to influence the forrulation of other systerr data such as
mraintenance allocaticn charts, special repair parts/tool lists, LSAR data. If the
prograr has prog3ressed to the pnoint where the required data is available through other
reporting media, such as those noted atove, they shall not be duolicated but snall be
referenced or apoended to the HEO.O-M along with appropriate supplementary information
fulfilling the intent of this provision.

10.2 Content Requirerrents. The HEDAD-M shall consist of the following information:

1) List of each item of equipment ha~iing a maintainer interface at the Or-

ganizational and Field/!ntermrediate Maintenance Activity (11"A) level, a brief statenent

001J" 0 64PG 1 j 3 PACES
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01-H-7057

10. PR[PMATiON I NSTRUCTION~S (conti nued)

of the purpose of each item of equipment and the types of inairtenance
required on each item of equipment (e.g., troubleshoot, remove, inspe ct,
test, repair).

2) List of specifications and drawings approved by hu!',.an en-
gineering at the time of HEDAD-ti preparation. The list shall also
address docui:ents where hurian engineering approval is planned.

3) Description of system equipment, emphasizing humin engineer-
ing desien featurEs. The following aspects of equipmeont shall be
described:

a) Layout of Svst-!m Fquioi'rnt. (1l The location and lay-
out of all systrn equir-ent rEqui ring rmain-enance shall be described
with errpr-.sis on hjr-an eng'reerinq features which facilitate main-
tenance. Equiprrent lozated in arc-as assessed through corrron doors,
panels, coerings. etc., shall be inlicated. (2) The location of
each itert of equipms-nt shall Also .'e noted in terms of three-dimen-
sional -,ace (i.e., X, Y, znd 2 coordinates); the reference point
for eac& item ofl equipment SMIll be its center as viewed by the
maintainer wniile gaining access to the equipment.

b) Design of Eoamicrrnt. The desion of each' item of
equipment shall be CEscribac! vrmh emouhasis orn human engineering
features which facilitate maintenance such as hnandies, self-test
capability, labeling, connector spacing and keying.

0) Inst3llation of Eaivn. The installation of each
item of equipr-ent shall be descr iLed with ernphais on human en-
gineering featuras which facilitate mainte-nnce such as fasteners,
clearances, relationshiP, between accessibility and failure rate
(or scheduled maintenance frequency) of each itemr of equipment and
visual access afforded.

4) Rationale. The specific considerations of equioment main-
tenance requirerrsnts (e.c., frequency, criticality, -iouipmnent failure
rate), maintainer requirements k(e.g., personnel selecticn, training and
skills), maint!ainer task require~rnents, environmental considerations.
safety and im.'itations imposed by tie pro:urir.g activity or state-os.-the-
art shall te described. The bases for reaching specific design, layout
and Inst;Rllation decisions sh.all be presented (e.g., MIL-STD-1472
criteria, other humran engirneerini requirements specified in the contract,
human enginemrini studies, trade-Off Analyses, mock-up results and human
engineering test results).

5) List of special tools, support equipment, job aids/devices
required for maintenance of each item of equipment.

6) Maintainer task analysis results presented as part
of the rationale supporting layout, des'gn, 21nd installation of item of
equipment. Maintainer task analyses shall consist of the following:

Page 2 of 3 Pages c-4
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DI-H-7057

10. PREPARATION INSTRUCTIONS (continued)

task number, task title, task frequency (for scheduled maintenance
actions) or estimated task frequency (based on equipment rean-time-
between-failure for unscheduled maintenance 3cticns), data source used
(e.g., drawing numier, sketch number, development hardware, actual
production equipment), detailed task sequ2nce (see paragraph 6.2.5 of
MIL-H-46855F), support equipment required, tools reouired, Job aids
required, estimated task tire, estimated oersonnel requirements (e.g.,
number of parsonnel reauired, skills and knowledne rtcuired) and human
enginearing considerations which reflect specific human engineering
require.nents incorpo-ated into the design (e.g., nlaintainer fatig'e,
potential hazaros, safety or protective clothiro!eouicn ent required or
recorntended, access problems, maintainer comruricati)i requirements,
special task sequence requirem.2rts, laelinc). "s app~icable, tie
following types of raintainer tasks shall be addressed by tasK analyses:
remove/rplace, trouble-shoot (fault location), repair, adjust, inspect,
service and test. Critical tasks (see paragraph 6.2.1 of MIL-H-468553)
shall be clearly identified.

7) Narrative which providas rationale for any need to deviate
from, or take exception to, MIL-STD-1472 or other contractual item human
engineering requirements.

8) T%;o sketches, drawings or photograph of each of eouipment
having a maintainer interface. Each item of equipmant shall be depicted,
a) by itself from top, front and side (three-view trimetric or exploded
trimetric view) and b) installed as the maintainer would normally view
it during maintenance.

9) Sketches, drawings or photogranh of each item of equipment
being considered as alternatives to the selected, or baseline desien.
Sketches, drawings or photographs of alternative equipent installations
or layouts which exist at the tire of HEDAD-i preparation.

10) Description of design, installation or layout changes which
have been made since the last HEDAD-M submission.

10.3 Format and Data Orcarization Peouirements. The HEDAD-M be
prepared in cor.tractcr format except that intoration shall be presented
In two major parts:

1) Information pertaining to maintenince actions performed at
the-Organizatioral Level.

2) Information pertaining to maintenance actions performed at
the Field/IMA level.

*U-9 GOVtANUF.NT PRINT;NC. OrFICZ: 1971-403-023/9044
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Human Engineering Design Approach Docutrent-Operator DOG tH75

This document provides a source of data to evaluate the 1 1979
extent to which equipmient having an interface with opera- I. FIC 'WR
tors meets h~nan performance requirements and hurranA, If
engineering criteria. RYPI )G

4. ODC 13EQW,-

8. APPWLIVAs LIMITArIcA

1. APPLCATIN/ INTPIA-NOSHIP

This DID replaces CI-H-2107, 0I-H-3261A, 01-H-4605.
UDI-Ji-2!272 and UDI-H-213185.

This DID is primarily applicable to work tasks delineated 9. PF;-RJCE MNAORY AS CI-LZ IN

in paragraphis) 3.2.1.2, 3.2.1. 3.2.1.4, and 3.2.2 of OL10

MIL-H-46S555. MILH46855B

6.CSL N(.J.5ER(S!

10. PRPARATION INSTq.CTIONS

10.1 General. The Hurnan Engineerinq Design, Aporoach Documnt - Op;erator IHECD-0)
shall be prepared jih'ch describes the layout, detail design and arrannenent of crew
station equirmeit having an operator interface; it shall also dtescribE cperator task-.
associated with t:-*e equinmnt. The HECOAD-O shall describe the extert to which the
human perfor~iarce requirements, MIL-STD-l472 and other ap)plicable huma-.n ergineering
documents specified in the contract nave been incorporated into tie layout, cesian
and arrangerment of e.;uicment having an cperator interface. Ooeratcr task analysis
results shall be presented as part of the rationale supporting the layout, design and
integration of crew station equipment.

10.2 Content Reouirerents. HEDAD-0 shall consist of the following crew station
and operator-relatec nomain

1) List of each item of equipment having an operator interface and a brief
statement of the puroose of each item of equipment. Separate lists shall be provided
for each operator's station.

2) List of specifications and drawings apojroved by humran engineering at the
time of HEDAD-O preparation. When contractually required to prepare and submit the
HEDAD-0 early in th.e aevelopment process. the list shall also address documents where
human engineering approval is planned.

13 JU& 1664 PAGE 1 OF * PAGE,.
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DI-H-7056

10. PREPARATION INSTRUCTIONS (continued)

3) Description of the crew station(s), emphasizing human
engineering design features. The following aspects of the (each) crew
station shall be described:

a) Layout and Arrangement. One sketch, drawing or photograph
of the (each) crew station shall be provided. These sketches, drawings or
photographs shall contain operator and equipment related reference pointsI (e.g., operator eye position, seat reference point) and scale. One sketch,
drawing or photograph of each item of crew station equipment shall be
provided; the poirt of reference shall be normal to the item of equipment
and scale shall be indicatE='.

b) Controls and Displays. The layout and detail desicn of
each control/display panel (or control/display areas indecendent of
panels) shall be described (e.g., phospher type, brightness, resolution,
contrast, color or other coding, control/display ratio, control force
and range characteristics). Display symboloqy, display formats and
control/display operation logic shall be described with regard to in-
tended use by the operator(s).

c) Operator Vision. Operator vision to crew station items
of equipment shall be described using the operator's normal eye positicn(s)
as the point ef reference. When applicable, onerator external vision
shall also be described using the operator's normal eye position(s) as
the point of reference; extent of external vision shall be related to
system mission requirements.

d) Environrental Factors. Operator life support systems,
protective clothing and equipment, noise, vihration, radiation, tempera-
ture, ambient illumination, climatic effects and other relevant environ-
mental parameters shall be described.

e) Ingress/Egress. Normal and emergency ingress and egress
provisions/procedures shall be described.

f) Crew Station Lighting. Lighting characteristics and
lighting control systems shall be described.

g) Crew Station Signals. Warning, caution and advisory
signals shall be described with regard to signal characteristics, signal
meaning, signal consequences, operator procedures, cause of signal
activation and crew control over signal characteristics.

h) Operator Posture Control. Seating, restraint systems
and other postural control techniques shall be described.

i) Communications Systems and Communications Systems
Control.

j) Special design, layout or arrangement features if
required by mission or system environment.

Page 2 of 3 Pages C-7
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DI-H-7056 -

10. PREPRIION IhST LUIIUI:S ccn.nea)

k) MiIltiple cperatc ttations design, if applicable.
Rationale for nuriler of operators, arrangement of operators and alloca- '

tion of functions to the operators shall be described.

4) Geometric lavout of tne crew station(s). Crew station
geo.etry shall te described usir the seat reference point or operator's
eye position(s) as a reference point. The position of each control,
display, panel, etc., shall be described in terms of three-dir.enslonal
space (X, Y, Z coordinates); operator eye position shall ce describec in
terms of system desion coordinates or as zero (X), zero (Y) and zero
(Z). The center of each panel, display, control, etc., shill be used as
the equiprent point of reference. True angle to vision to each item of
equipment shall also be shown.

5) Rationale for human engineering design, layout and arrance-
ment of each item) of crew. station e jipmert '-avinq an ooerator interface.
The specific considerations of system mission (or system function):
equipment operation; operator selecticn, training and skill require-
ments; operator task perforr ance requirements; and limitations imposed
on designs by the procurino acti.-t' or state-of-the-art shall be des--
cribed. The basis f:r reaclirg specific design, layout and arrangement
decisiois shall te ~o sente (e.g., MIL-STD-1472 criteria, other human
engineering reouireir-rts soecified in the contract, system engineering
analyses, systems anaiyses, human Engineering studies, trade-off analy-
ses, mock-up rest!ts, simulation results and human engineering test
results).

6) Operator task analysis (se? paragraph 6.2.5 of MIL-H-468552)
results shall be prezented as part of the rationale for crew station
design, integration and layout. Th? follcwing shall also te described:
m ethodology used to zenerate task analysis results (e.g., paper and
pencil, computer-based simulation, dynamic simulation); system mission(s),
function(s) or ot .er exogenous information used to "drive" the task
analysis; human performance data (i.e., ti-e and error) aaainst v.hich
task analysis results are cor.,ared; and operator assLmotions (e.g.,
level of skill, training). Critical tasks (see paragraph 6.2.1 of MIL-
H-468558) shall be clearly identified.

7) Narrative which provides rationale for any need to deviate
from, or take exception to, MIL-STD-1472 or other contractual human
engineering documents.

8) Sketches, drawings or photographs of each item of equinmnt
being considered as alternatives or changes to the selected (baseline)
crew station design.

9) Design, arrangement or layout changes made since the last
HEDAD-O preparation shall be described.

10.3 Format Rcquir2e-nts. Contractor format shall be utilized.

*US rnWERNNPM.NT FRINTINC. orywrE~

Page 3 of 3 Pages

C-8


